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1. What is e-Ship?

e-Ship (electronic Shipment) is a software program for
calculating radiological characteristics of packages for the R p————
shipment of radioactive material in accordance with
ADR/IATA/IAEA/CFRA49 transport regulations. The program
also allows the user to estimate the radiological impact of
the shipment in the event of a release of the radioactivity into
the environment. For this purpose data such as the
inhalation dose, ingestion dose, external radiation dose
(ambient dose equivalent rate, etc.) are given.

The program has been developed jointly by CERN and
Nucleonica.

nucleonlca.'.'
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2. Why e-Ship ?
Background information on nuclear transports

« Each year about 10 million packages of radioactive
materials are transported worldwide by land, sea and air.

» Radionuclides are used for a variety of purposes e.g. in
nuclear medicine, materials testing, oil exploration etc.

 For these purposes radioactive materials must be packaged
and transported to the location of interest. Before these
materials can be shipped, care must be taken that the
shipping regulations have been strictly followed.

» The purpose of these regulations is:

 to ensure safety by containing the radioactivity to
make sure that there is no negative effect on the
environment

« to control the radiation emitted from the package

« make sure that nuclear fission criticality conditions
cannot be met

« and to dissipate any heat generated within the
package.

* Full details are given in the Nucleonica Wiki page on e-Ship
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3. Dangerous Goods Classification

» Dangerous Goods Definition: dangerous goods are substances or
articles that pose a risk to people, property or the environment, due to their
chemical or physical properties. These products are classified for
transport. They are usually classified with reference to their immediate
risk.

Explosive substances & Articles

Gases

Flammable Liquids

Other Flammable Substances

Oxidising Substances & Organic Peroxides
Toxic & Infectious Substances
Radioactive Materials

Corrosive Substances

© © N O Ul

Miscellaneous Substances & Articles
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Example in USA:

Code of Federal Regulations #49
» 1ransportation
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Dangerous Goods Regulations
No place for improvisation

SHIPPER'S DECLARATION FOR DANGEROUS GOODS
DECLARATION DE L'EXPEDITEUR POUR MARCHANDISES DANGEREUSES

 The IMDG Code (sea regulations) is more stringent ‘ nmﬂmﬁf
than the ADR regulations (road). IATA (air) regulations
are far more stringent. e - Febaetors o b v of e s o o g

penaities.

AVERTISSEMENT
Le non-respect sur quelque point que ce soit de la réglementation pour le

» The IAEA regulations state that “persons engaged in e M—
the transport of radioactive material shall receive - -
training in the contents of these regulations

opot de
NATURE AN JANTITY OF DANGEROUS GOODS

commensurate with their responsibilities” (concerns: NEEEEHH—-—
design, manufacture, maintenance, classification, -
transport documents, carry or handle, mark, placard, o
load, unload, ...).

5| RADIOACTIVE MATERIAL, P LIQUID, 1 TYPE A PACIH

Organisation Europsenne pour Ia Recherche Nuciéaire | FACTURE PRO FORMA Organisation Européenne pour la Racherche Nuciésie | LISTE DE COLISAGE
i for Nuclear Research PRO FORMA INVOICE 1 5116906 European Organization for Nucear Research

European Orgar PACKING LIST

" Muméro d coms

upplementary requirements neces
| hereby declare that the contents of this consignment are fully and accurately described above by the proper
shipping name, and are classified, packaged, marked and labelled/placarded. and are in all respects in proper
condition for transport according to applicable international and national governmental regulations. | declare
that all of the applicable air transport requirements have been met

Je déclare que le contenu de ce chargement est décrit ci-dessus de fagon compléte et exacte par la désignation
officielle de transport et quiil est convenablement classé, emballé, marqué, étiqueté, placardé et & tous égards.
bien conditionné pour étre transporté conformément aux réglementations internationales =t nationales.
applicables. Je déclare que toutes les exigences du transport aérien qui lui sont applicables ont été remplies.
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How are products classified ?

 For each classification of dangerous goods, there are different
tests that are defined by the UN. These tests must be carried
out to determine which classification the products fall under, and
what packing group they should be assigned to.

 This allows the emergency services to determine what product
is contained within a consignment. The consequences of
ignoring dangerous goods can be catastrophic, resulting in
massive damages to property, environment and people...

» Radioactive material shall be assigned to one of the UN
numbers specified in regulations, depending on:

T ek

Hyundai Fortune — petroleum-based
cleaning fluids placed
near the engine room

« the activity level of the radionuclides contained in a
package

- the fissile or non-fissile properties of these radionuclides (failure to declare it)
» the type of package to be presented for transport

« the nature or form of the contents of the package or
special arrangements
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EXEMPTIONS ?

» These regulations do not apply to:

Radioactive material that is an integral part of the means of transport;

Radioactive material moved within an establishment that is subject to appropriate
safety regulations in force in the establishment and where the movement does not
involve public roads or railways;

Radioactive material implanted or incorporated into a person or live animal for
diagnosis or treatment;

Radioactive material in or on a person who is to be transported for medical treatment
because the person has been subject to accidental or deliberate intake of radioactive
material or to contamination;

Radioactive material in consumer products that have received regulatory approval,
following their sale to the end user;

Natural material and ores containing naturally occurring radionuclides, which may
have been processed, provided the activity concentration of the material does not
exceed 10 times values specified in regulations {...}.

Non-radioactive solid objects with radioactive substances present on any surface in
guantities not in excess of the levels defined in regulations.
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THE PROCESS

Example: UN2916, RADIOACTIVE MATERIAL,

CLASSIFY - IDENTIFY TYPE B(U) PACKAGE

DOT USA/9283/B(U)-85
RADIOACTIVE MATERIAL MARKING, LABELING and

TYPE B(U) PACKAGE, PLACARDING packages
7, UN2916
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CLASSIFICATION OF MATERIAL

» Low specific activity (LSA) material: radioactive material which by its nature has a limited
specific activity, or radioactive material for which limits of estimated average specific activity

apply.

» Surface Contaminated Objects (SCO): a solid object which is not itself radioactive but which
has radioactive material distributed on its surfaces.

» Special form radioactive material shall mean either an indispersible solid radioactive material
or a sealed capsule containing radioactive material. Should resists to impact, percussion,
bending, heat and water test.

» Low dispersible radioactive material: either a solid radioactive material or a solid radioactive
material in a sealed capsule, that has limited dispersibility and is not in powder form.

* Fissile material: shall mean uranium-233, uranium-235, plutonium-239 and plutonium-241.
Some exceptions exist

* Uranium hexafluoride

» Other form: everything which is not listed above...
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Package: The packaging with its radioactive

contents as presented for transport Y
2
Packaging: the assembly of components AR ,
necessary to enclose the radioactive contents CONTENTS R PACKAGE

completely

A graded approach is applied in specifying the performance standards in these Regulations, which
are characterized in terms of three general severity levels:

Excepted Packages Industrial Packages IP-3 Type B Packages
Industrial Packages IP-1 Type A Packages Type C Packages (air)

(*) IP-2 packages are in-between Routine and Normal conditions
(some tests satisfy the normal conditions but not all criteria are met).

EXCEPTED OR EXEMPTED ?

EXEMPTED: when the regulation does not apply
(for example: activity / contamination below a certain limit)

EXCEPTED: when part of the regulation applies (lighten)
(for example: empty package having contained radioactive material, low activity, ...)
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Type C packages

Packaging depends of _
(air)

« the nature and activity of the material

Type A packages

Industrial packages
(for LSA/ SCO)

Excepted packages
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PACKAGE DETERMINATION

TABLE 2. BASIC RADIONUCLIDE VALUES

Activity

In summary, to classify a package, comentation | Activity
.. Radiomuclide N A limit for limut for

compare the activity of the content (atomic numiber) : o an exempt

to the limit: aterial consignment

: (Bq/g) (Ba)
« Al for special form content e )

Actinium (89)

A2 for all other form

« Activity concentration for bulk material [Bq/g]

« Activity limit [BQ]

Activity < Activity concentration or < Activity Limit > EXEMPTED [Table 2]
Act. Conc./Limit < Activity < Table 4 > EXCEPTED
Table 4 < Activity < Table 2 (Al or A2) - Type A

TABLE 4. ACTIVITY LIMITS FOR EXCEPTED PACKAGES

Physical state Instrument or article Materials
Table 2 < Activity = Type B or Type C ofcomtents  lemlimit®  Packagelimit’  Packagelimits
(activity within the limit of the certificate) Solids:
Special form 10744, A 104,
LSA/ SCO -> currently not supported by e-SHIP Other forms 1074, 1074,

Liquids 10‘-"‘.—1:.
Gases:

Tritium 2% 1074,

Special values apply when A1/A2 are not defined

Special form 10734,
Other forms 1074,

*  For mixtures of radionuclides, see paras 405-407.
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Al /A2 — Why such values ?
Where do they come from ?

Under the “Q system” a series of exposure routes is considered, each
of which might lead to radiation exposure to persons in the vicinity of a
Type A package involved in a severe transport accident :

* Qa external photon dose

* Qb external beta dose

* Qc inhalation dose

* Qd skin and ingestion dose

* Qe submersion dose

IAEA Safety Standards
for protecting people and the environment

« Effective or committed dose to a person in the vicinity < 50 mSv

« < 0.5 Sv for individual organs or 0.15 Sv to the lens of the eye IAEA Regulations for he

Safe Transport of
Radioactive Material

« Assumed a person will remain at 1m from a damaged package for
< 30 minutes

No. TS-G-1.1 (Rev. 1)
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What is e-Ship? [bis repetita].... RADIOACTIVE-SHIPPING SERVICE

e-Ship (electronic Shipment) is a software program for
calculating radiological characteristics of packages and to
help you choose the proper classification.

But remember that other characteristics might play a role.
Dose rate in contact of the package is one example amongst
others: the total dose rate at surface of an excepted package
should be < 5 pSv/h...
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4. e-Ship user interface: My Packages

My
packages

EDMS 1286139
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radiological transport assistant

Help ——

... web driven nuclear science

My Preferences Print 43 Networking . Nuclear Science £} Help

New Browser

My Package: Edt Optiorss Impant Activity hmils Sample packagas About eShip

User defined transport packages

Package details

Package Name

(Create, import a new package)
Simple Package Material
My 1st Package (Type A) Material
My 1st Package (exempted) Material
My 1st Package (excepted) Matenal
Manua Maternial
Irradhated sample using 26 GeV protoris Matenal

radiated sample (iron) Material

4

2012.08.21 10:19:05
2012.08.21 10:17:30
2012.08.21 10:16:21
2012.08.21 10:17:03
2012.08.15 11:09:27
20120524 08:00:00
2012 02 27 08:00:00

2012.08.21 16:00:16
2012.08.21 16:00:02
2012.08.21 15:59:47
2012.08.21 15:59:36
2012.08.21 16:00.27
2012.08.21 15:59:16
2012.08.21 15:59.02
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4. e-Ship user interface:

Edit

Package name
Package description

Activity reported

Nuclide activities

Activity limits
for transport
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Getting started
radiological transport assistant

Reference manual

Gwestions, remarks, suggestions can be posted inthe forum

My Packages Edit

Package description

Cptions Impaort Activity lirnits

Sarple packages About e-Ship

Mame (ID=109)

Simple Package (Excepted)

Package
Description:

Source

Farm State
Containing the three nuclides: Co-57, Co-58, Fe-53.

® waterial @ Cther ® =qiig

C‘ Instruments § Aricles O Special O Licjuic]

O cas
Activity reportedt. | 2012.08.1008:00:00 | |

Host material: |1

L
1.20e+4

Exempt{Bq/g)
1.20e+3
1.24e+3
1.00e+4

ooz 2.00e-2 10000
1.24e+4 1

1.00e+5 . 0.9

6.00e-7 | 6.00e-4 1.20
1.24e-8 | 1.24e-5 1.24e-2
1.11e-T  1.11e-4 0100

1.00 1.00E+06 10
0.5800 1.00E+06 10

Muclide Cuantity Linit

| |1.00E+05 || Becquerel

Raset

Transport report



4. e-Ship user interface: Report

a
e-Ship: nuclear material transport report nucleonica B

Transport report generated for source: Simple package (Excepted) by vd on Apr 16, 2013 19:13:33
Package name: Simple package (Excepled)
Description: Containing the three nuclides: Co-57. Co-53, Fe-59

Source: Material, Other form, Solid
Host material mass: 1g
Activity reported: Jam 01, 2000 12:00:00

Source characterisation

Nuclide Maszs | Activity [ Heat Gamma dose rate | Radicactive
{a) (Bq) (W) | HiolpSw/h}at 10 cm | contents

Ca-57 3.84e-11|1.20e+4 | 2.76e-10| 2.52e-2
Co-38 1.02e-11 | 1.20e+4 [ 1.94e-9 | 1.76e-1
Fe-39 5.43e-10 | 1.00e+6 | 2.0%9e-7 | 1.73e+1
Total:3 591210 | 1.02e+6 | 2.11e-T [1.77e+1

Package characterisation

Nuclide Activity | Exempt | Exempt | Excepted As A AlBa/g)
(Ba) (Ba) (Egig) (GBq) (TBg) | Exempt | Exempt{Bq/g)

Co-37 1.20e+4 | 1.00e+6 | 1.00e+2 |1.00e+1 1.00e+1 | 1.20e-2 |1.20e+2
Co-38 1.20e+4 | 1.00e+5 [1.00e+1 |1.00e+0 |1.00e+0|1.20e-2 |1.20e+3
Fe-55 1.00e+5 | 1.00e+6 |1.00e+1 9.00e-1 9.00e-1 | 1.00e+0 | 1.00e+5
Total:3 |1.02e+6 1.02e+0 |1.01e+5

Excepted Package

The total doge rate at surface should be < 5pSvih; WARNING: calculated y dose rate at 10 cm = 1.77e+1 pSvih.
EDMS 1286139 If the surface gamma dose rate is = 5pSv/h you should use a Type A package.




4. e-Ship user interface: Options

: : e ©
oL Bl Elagerien ot Ll nuclennlca%.' ... web driven nuclear science
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* General (Half-lives, decay modes, etc.) e-Ship

radiological transport assistant

* |ICRP (dose coefficients, etc.)

My Packages Edit Options Import Agtivity imits CERN File Sample packages About e-Ship

Selected columns of the package arid

+ Swiss RPO (h(0.07), h(10) etc.)

General Swiss RPO IAEA Transpart Mucleonica
e o) LE {Biy) By
Mazs = ) LA (Big) Ao
D Eipq (M
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Decay mades D Ejnhy (M4
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4. e-Ship user interface: Import

Before a user can upload his/her own nuclide datasets, some rules have to be observed for the data format in these files.
The following delimiters are allowed: Comma , Semicolon ; Colon : Pipe | Octothorpe # TAB

The files can be created for example in a spreadsheet, but must be saved as csv files.

In the example shown,
the nuclide name
together with the
nuclide activity is
shown with a comma,
as delimeter. Currently
only the activity can be
accepted as input.

CERN .txt files: It is
also possible to upload
dedicated format
CERN gamma
spectrum files

EDMS 1286139
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4. e-Ship user interface: Activity limits (IAEA)

nucleonlcaﬁ.' ... web driven nuclear science

Applications owledoe Iy Preferences Primt 3 Metworking «2 Muclear Science 83 Help < Meww Browser

The Activity limits tab contains the A1 and
A2 values together with the activity concentration e-Ship

for exempt material (Bg/g) and the activity limit for _ radiological transport assistant
an exempt consignment (Bq). In addition a brief > e
description and notes are given.

Care must be exercised when using nuclides in

packages which are not in the IAEA Activity MW B R
limits table. When a nuclide has been added to o , — —

the package, it should be checked in the _ R E R 1.00E 07
Activity limit tab to see if there is an entry. If T oo

there is no entry, this means that it is an oo =
unknown nuclide. In this case, the user must I 3008

look up the datasheets for the appropriate 07 Toom |+ ooen s

nuclear data .

1.00E+0D 1.00E+03

1.00E+03

1.00E+01 1.00E+04

0.001 1.00E+00 1.00E+04

0.01 1.00E+02 1.00E+05

1 1.00E+02 1.00E+06

0.0z 1.00E+02 1.00E+05

0.z 1.00E+01 1.00E+04

301.0 ky 10 0.6 1.00E+04 1.00E+06
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4. e-Ship user interface: Sample Packages

nucleonlcaﬁ.' ... web driven nuclear science

Applications Data Knowvledge Wy Preferences Print 3 Metworking - Muclear Science 3 Help ] Mew Broweser “ergion: 2012.08.25

The Sample

packages tab

contains a list of _
e-Ship

pre'deflned _ radiological transport assistant
Sample paCkageS A Guestions, remarks, suggestions o

By transferring
the user’s own Predefined transport packages

;I\a/lz] ;2(;;:3;:;’63 ! Material  Other | Solid
are immediately
available for
testing.

B Ge' protons | 1 tdaterial COther Solid
Other Solid

Material Other Solid

taterial Other Solid

COther Solid

OFEREOO

Other
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5. e-Ship user interface: My 1st packages ! o

e-Ship: nuclear material transport report nucleonlca.'.'

Transport report generated for source: My 15t Package (Exempted) by magilltest on Aog 30, 2012 14:11:01

In this first example, a package consisting 1 kBq of Cobalt-60 Is  Ee el YR
created. The activity was reported on 1st Aug. 2012. Default Z" et rerfom ad Sl Fest mace <1903

package characteristics are assumed (material, solid, other form). EEEEECEEEEEN |

In the nuclide table only the IAEA Transport values are shown for

clarity. A host material mass of 150 g was set. The transport e
report can be generated by clicking on the Report button at the [l sk IO N b LS LU UL

bottom of the page. The Report is shown in the following figure. I

Source characterisation

Package characterisation

. - | Activity | Exempt | Exempt | Excepted | Az A(Baig) A A
E-Shlp Nuclide | “®Ba) | (Ba) | Baig) | (GBa) | (TBa) Exempt(Balg) | Excepted | A,

Co-B0  |1.00e+3|1.00e+5|1.00e+1{4.00e-1 |4.00e-1(1.00e-2 |6.67e-1 2.80e-6 |2.50e-9

radiological transport assistant

Package Exempt from requlation

The total dose rate at surface should he < 5pSv/h: calculated y dose rate at 10 cm = 3.66e-2 pSwh.
If the surface gamma dose rate is = 5pSv/h you should use a Type A package.

Aug 30, 2012 14:11:01

My Packages | Edit | [ pliors Impart Activity limits Sample packages About e-Ship

Name (ID=88)

MY 1st F'ackage (Exempted} Package characteristics

Description: Source Form State

® waterial ® oth ® solid
Package contains the nuclide: Co-60 {1000 Bqg); e = ’

This package was characterised on 1 Algust 2012 as Material, Other form and Solid. O instruments / Adticles || O special || O Liguid
Host mass is 150 g O cas

< [ 1>
Activiy reporied: 2012 08 01 08-00-00 E) ostmaters 160 ||g ¥

A e A

Co-560 1.00e+3 0.400 1.00E+05 2.50e-9 250e-6 1.00e-2 0.667




Thank You!

Thanks to Nathanaél Padioleau & Abderrahim Errahhaoui for the productive discussions,
and to Stéphanie Krattinger for logistic aspect
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